Line type heat detectors (LTHD) are important for temperature based fire detection in applications with a large number of detection points. Preferably they are used in aggressive environments showing extreme temperatures, high humidity, dust exposure, aggressive gases, or others. Typical applications are in traffic tunnels, cable channels, or conveyor belts. Europe is actually preparing the new EN54-22 standard for resettable line type heat detectors (LTHD). This new standard includes a classification of the various types of detectors, reaction classes, and test procedures. It will allow more adequate testing compared to the actual procedure based on EN54-5 for point detectors. It will cover all types of resettable LTHD as semiconductor cables, fiber optic cables, pneumatic systems, and analog cables. The paper presents an overview on the actual draft of the standard. During the last years, Metaphysics has developed a new semiconductor sensor based LTHD. In contrary to other types of LTHD it is using discrete semiconductor temperature sensors such allowing an exact localization of the fire and highly flexible programming of the alarm functionality. Due to a special, patented high-speed bus system it has been shown in several public tests that this system is significantly faster than other LTHD systems. After first experience in the field, more features like loop setups with increased availability and network solutions have been added recently. The paper shows the physical principle of this approach and its system design completed by test reports and application examples.
Line Type Heat Detectors (LTHD)
Depending on the application and the environment, today various types of fire detectors are available. Starting from simple point detectors generally used in buildings, the scope goes up to special fire detectors like aspirating smoke systems or CCTV image analysis based systems. One solution especially suitable for outdoor environment or aggressive atmospheres is the line type heat detector (LTHD).
The LTHD typically consists of a linear sensing element like an electrical cable or an optical fiber with a length of several 10 up to several 1000 meters, a central control unit, and some functional units as connectors, filters, terminators, etc. (see Fig. 1 ). The output of the control unit (as alarms, errors, localization, and temperature profile) is usually given to a control and indication equipment like a fire alarm control panel or a process control system.
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Control and Indication Equipment (CIE) Fig. 1 : Elements of line type heat detectors (LTHD) according to EN 54-22 [1] As the sensing element is widely insensitive to aggressive ambient conditions, it can be used in environments with aggressive gases, dust, salt mist, high humidity, steam, extreme temperatures, or other special conditions. Standard point detectors cannot be used in such environments, as they would fail rapidly. The application of LTHD might also make sense out of an economic point of view, when the object to be monitored has a large extension or area with a large number of measuring points. Finally it is recommended to use LTHD in applications, where the system is difficult to access after installation, as the LTHD do not need any maintenance. Typical applications are: Today various types of LTHD are available on the market with a range from very simple and cheap systems just indicating an alarm at a given temperature up to high-performance fiber optic or semiconductor systems reacting on absolute temperature value or rate-of-rise and giving exact temperature and localization information. Table 1 gives an overview on existing technologies and their specifications. A more detailed description of a part of these systems is given in [2] .
EN 54-22 Standard
Although LTHD are in use since more than 40 years, so far there has been no standard on these products in Europe for the fire detection application. All certifications and approvals up to now are based on the EN 54-5 standard for point type detectors [3] . However in other countries like China, standards for some types of LTHD exist [4] . During the last years a new European standard for LTHD has been developed to cover this type of products. In fact, LTHD are split up in resettable (i.e. reusable after alarm) systems which are treated in EN 54-22 and nonresettable systems (which have to be replaced after an alarm) treated in EN 54-28. Figure 2 gives an overview about the classification and naming of the various types of LTHD in EN 54 standards. The target during creating this standard was to cover all known physical principles and existing products, and to use a classification of the reaction behavior similar to EN 54-5 for point detectors. This will allow a direct comparison of point detector and LTHD reactions. The only exceptions are the non-resettable systems, which will be covered in another new standard, i.e. EN 54-28. However in difference to the EN 54-5 standard the tests for the fastest reaction classes A1 and A2 are performed with real test fires and only the reaction for other classes are done in a heat tunnel. This shall provide a more realistic determination of the reaction of such products under real fires. The test fires are TF6F, TF6, TF6S with fast, normal, and slow development using 2 liters of methylated spirit in different pool size. The fire tests are done in a specified test room similar to EN 54-7 [5] . The heat channel tests are done with 10 m of cable for non integrating systems and the maximum length specified by the manufacturer for integrating systems. 
Special applications with high typical application temperature e.g. local protection Table 2 gives an overview on the different reaction classes, mainly depending on the typical application temperature. The EN 54-22 is now in the final voting phase and should get public within the next 2 years.
New semiconductor type Line Type Heat Detector (LTHD)

Technological base
During the last years we have developed a new type of semiconductor LTHD with special attention to a very fast detection speed, called MHD 535. The MHD 535 LTHD is based on the acquisition of data from a multitude of temperature sensors, which are integrated in the sensor cable at regular intervals. The temperature data are forwarded via the sensor cable to the processor unit(s) at the cable extremity. There a potential alarm is determined through comparison with preset thresholds. The basic principle of temperature measurement used by the MHD 535 is the band gap effect, i.e. the temperature dependence of a semiconductor. At a constant voltage the basic emitter current of a transistor depends on the temperature. Here this effect is used for temperature measurement. But we went still further. Using a special patented readout process, data acquisition is faster than with any other LTHD on the market. What's more the sensors react not only to convection heat but also to infrared radiation. This means the radiated heat from an open fire is detected regardless of the flow speed of the ambient air, contributing in turn to swift fire detection. In the manufacturing process of the cable, the silicon based sensors are integrated in a flat-ribbon cable and two plastic jackets are added for chemical and mechanical protection (Fig. 3) .
System specifications
The distance between two sensors in the cable can be between 2 m and 20 m. The maximum length of a cable connected to one control unit is 2000 m or 250 sensors, whatever comes first. The sensor distance used for a specific installation depends on the application and the required sensitivity. Typically 7 m or 10 m sensor distance are used for road tunnels and 2 m, 4 m, or 7 m distance are used for cable tunnels and conveyor belts. In some applications like buildings or car parks, the required sensor distance is given by local regulations. The cable can be used under ambient temperatures of -40°C to +85°C. Figure 4 shows the stub line setup of a typical system. The temperature sensor cable is connected at one side to a control unit. This control unit provides the interface to the control and indication equipment via relay contacts or digital interface (depending on type). In addition, modules with specific functions as earth connection (ECB), protection (PFM), connection (CFM), and termination (CTM) are used. This setup is already available since several years and installed in various road tunnels and industrial installations. 
Increased availability
One drawback of linear heat detectors usually is their sensitivity to damage. In the worst case, a short circuit can disable the complete system. To overcome this problem, the cable can be connected at both ends to a control unit, such allowing redundant readout of the cable from both sides. The two processor units at both ends of the cable are linked and communicate. In case of cable rupture or defect, each processor unit is still getting part of the system data and provides it to the central relay control unit. This solution is available for semiconductor sensor cables and fiber optic cables since several years. In some cases, only one control unit is used feeding back the end of the cable. However this relativizes the redundancy concept, as the control unit now is the critical element. 100% redundancy up to now was only available with two systems installed in parallel, which however is also double cost.
The new approach is the division of the cable into segments using Sensor Separator Modules (SSM). These modules allow an easy and clear isolation of defect cable segments by electronic switches. This allows to cover not only ruptures but any kind of error including short-circuits. The segments can be fire zones or any customer specific segmentation. In a fault condition, the two control units communicate via FT-NET (see section 3.4) and rearrange the configuration of the SSM to be used as connecting or terminating elements. In this way, only the defect part between two SSM is not available. This is a significant increase in safety and availability of semiconductor sensor cable systems. Fig. 5 shows this setup with increased availability. 
Fault tolerant network FT-NET
The loop setup in section 3.3 is the simplest case of a network between two control units. The new developed FT-NET (fault tolerant network) allows the integration of several processor units with attached temperature sensor cables on a failsafe network. All information essential for fire detection like alarm, alarm localization, pre-alarm, system failure, or system status are transferred via this network. On one side, this allows central access on the data using digital interface modules on the network or central relay control units. On the other side, information from different temperature sensor cables can be combined to generate more complex alarm mechanisms and diagnostics. The networking of the different FT-NET elements is done in a full-duplex loop system. In case of an error on the FT-NET network, it will automatically reconfigure itself into a halfduplex chain system. Any type of hardware errors on the FT-NET network is detected. The communication between the FT-NET elements is based on a sender/ consumer scheme. The FT-NET network accommodates either a copper cable for short distances (max 1200 m) or a fiber optic cable for long distances (max. 2000m). Up to 16 control units can be connected in one FT-NET system. Fig. 6 shows an example of such network.
Detection speed of semiconductor sensor cable
As outlined before, the detection speed is one crucial advantage of the MHD 535 semiconductor sensor cable compared to other LTHD. Table 3 gives the result of a comparing test of several types of LTHD performed in Germany several years ago by the federal transport department for different types of linear heat detectors and different test fires [6] . Most test fires of the current tunnel fire detection guidelines use open pans with fuel to simulate a fire. In this setup, usually heat dominates versus smoke, as the burning process is rather clean. Table 1 gives the result published in [6] . The wind velocity was 3 m/sec. It can be clearly seen, that under all conditions, the semiconductor sensor cable gives the fastest response. It is the only system, which keeps the 60 sec required reaction time under all conditions. A special environmental condition in road tunnels is the velocity of the air, which is typically 3 to 7 m/sec but can reach up to 10 m/sec. Fig. 7 shows a test using a RABT test fire with 5 MW at an air speed of 10 m/sec [7] . The linear heat detector was a semiconductor sensor cable. The location of the test fire is between Sensor 3 (S3) and Sensor 4 (S4). The distance between two sensors is 4 meters. The time scale is related to the alarm of the system at 0 sec. The result of the test can be summarized as follows:
• The temperature sensor cable creates an alarm 23 seconds after ignition of the test fire even at a high air velocity of 10 m/sec. This is due to the IR sensitivity of the used cable.
• The alarm has been triggered by the two sensors in wind direction next to the test fire (S4, S5). All other sensors show a maximum temperature increase of 4 °C.
• The maximum temperature below the ceiling does not exceed 30 °C. All LTHD working only with absolute temperature would not have detected this fire.
• The alarm has been triggered via the temperature gradient, which has been set to 6 °C in 60 seconds in this case as typical for a tunnel installation. In recent tests of installations in road tunnels using a 5 MW fire at a wind speed of 6 m/s, the reaction time typically has been between 20 and 45 seconds, depending on the position of the test fire. This is significantly faster than the required detection speed of 60 seconds giving advantage to the tunnel users to save their lives. us or OPC. us or OPC.
The reasons for the quick detection speed are the IR sensitivity of the detectors, the patented high speed analogue bus system for readout, rate-ofrise detection, and the slim construction of the cable itself. In addition with the high availability and resistance to damage using the loop approach this new LTHD gives unique advantages to the user. In addition this LTHD can provide a temperature profile via the digital interface like Modb ital interface like Modb 
Conclusion Conclusion
The new EN 54-22 standard for LTHD is close to publication. It will provide test procedures and acceptance conditions similar to EN 54-5 for point detectors, but takes into account the special specifications and features of LTHD. It will cover all types of technologies and actual available LTHD on the market. As the application of LTHD is of growing importance, it is time to get an adequate standard for the qualification of these systems.
Metaphysics has redesigned its MHD 535 semiconductor sensor cable LTHD based on the new EN 54-22 requirements and implementing additional features like increased availability using loop setup and network solutions. Together with the high detection speed this new system is offering significant advantage to the users saving lives and reducing infrastructure damage.
